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1. INTRODUCTION
The output gap of a given economy is defined
as the difference between the observed output of
the economy and its potential output. Although it
may have diverse meanings, the term “potential”
usually conveys the output level corresponding to
the “natural”, normal or average utilisation of pri-
mary production factors available in the economy.
Whenever the economy is operating above (be-
low) its potential output level — that is, when the
output gap is positive (negative) — budgetary au-
tomatic stabilisers will improve (deteriorate) the
general government balance compared to the bal-
ance one would get in a neutral cyclical situation
— where observed output matches potential out-
put. This is why general government balances ad-
justed for cyclical changes are calculated upon
output gap estimates — to abstract from the effects
of the automatic stabilisers and to better evaluate
the restrictive or expansionary stance of fiscal pol-
icy.
In turn, a positive output gap situation will be
characterised by inflationary pressures (both in the
goods and services markets, but also in the mar-
kets for primary factors — specially in the labour
market). However, in a very open small economy
— as in the case of the Portuguese economy — in-
flationary pressures in the traded goods markets
(i.e., the markets where domestic output is more
exposed to international competition) are moder-
ated.
For the reasons presented above, the output
gap is a thoroughly used concept in short-term
analyses and in justifying economic policy deci-
sion making. However, the output gap is not a di-
rectly observed variable, and conventional estima-
tion methods bear weaknesses that fragilise con-
clusions.
This article alerts for the limitations of conven-
tional output gap estimation procedures. We pro-
pose an alternative approach to the estimation of
the output gap — a bivariate approach —, which
tries to solve some of the most important limita-
tions of conventional methods. Obviously, this
new methodology also presents drawbacks and is
quite discretionary. Nevertheless, we argue that
these drawbacks and limitations may prove less
serious than those affecting conventional methods.
This article concludes that the Portuguese econ-
omy is presently at a fairly neutral cyclical posi-
tion. We also conclude that no risks of overheating
exist in the near future, unless real output grows
at more than an annual 4% alongside a slowdown
of investment. The current international back-
ground of the Portuguese economy — presenting
signs of activity slowdown in our leading trade
partners — minimises the risk of a positive and
significant output gap in the near future.
The remaining of this article is structured as
follows: Section 2 discusses the major drawbacks
of conventional methodologies of estimation of
output gap; the necessary assumptions in building
the proposed alternative methodology are pre-
sented in Section 3; the fourth Section describes
the data and the considered estimation technique;
the last sections discuss the findings and evaluate
the robustness of conclusions.
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A simplified typology of conventional method-
ologies used in estimating the output gap distin-
guishes two main groups:
— univariate approaches applied to a sample
of output observations (using techniques of
analysis of time series);
— approaches based on the estimation of an
aggregate output function relating output
with the primary production factors.
The first class of methodologies encompasses
the adjustment of a linear trend to the logarithm of
the time series for (real) output — the gap result-
ing as the residual of the regression — but also al-
gebraically more sophisticated procedures, like
trend estimation through the Hodrick-Prescott
(HP) filter(1).
The HP filter became very popular through its
extensive application in the context of tests of real
business cycles models(2). This ended up determin-
ing its widespread utilisation as a method of esti-
mation of the output gap. The HP filter currently
enjoys an “official method” status. It is adopted by
most national and international economic institu-
tions whenever the output gap is to be measured.
The widespread utilisation of the HP filter — often
a-critically — tends to disregard the serious draw-
backs of the method. These cover both essential
statistical and economic problems.
Among the former, the choice of the “smooth-
ing parameter” (l, as frequently noted) should be
highlighted. A consensus existing among users of
the HP filter dictates that this parameter should
equal 100 for annual data, and 1600 for quarterly
data, although justifications behind these values
are weak and usually absent. Furthermore, output
gap estimates for the last observations of the sam-
ple seem to be particularly sensitive to the choice
of the parameter(3). A third criticism of the first na-
ture is that the HP filter, when applied to series
generated by integrated processes (which is proba-
bly the case of the series of real output, in loga-
rithms), may produce serious cyclical fluctuations
(i.e., that do not appear in the original data)(4).
The major criticism made to the application of
the HP filter to the output gap estimation —
shared by all univariate methods — is that it is
poor from an economic point of view. All methods
resorting exclusively to the time series of output
for the estimation of the output gap do not take
into account that potential output is determined
by the productive capacity of the economy. This
implies a multivariate approach that relates the
economy’s output with the available primary fac-
tors, namely the capital stock, through a produc-
tion function — the second class of approaches re-
ferred above. However, the estimation of a macro-
economic production function is far from being
free of difficulties. First, there are all the difficul-
ties related with measuring the capital stock —
usually measured indirectly through the accumu-
lation of investment flows. But above all, the esti-
mation of potential output through the estimation
of a production function requires the previous cal-
culation of the “natural” level of employment. The
estimation of natural employment from observed
employment using statistical smoothing tech-
niques only transforms the original problem (i.e.,
the estimation of potential output) into another
one, similar to the first (the estimation of the natu-
ral amount of employment). The same difficulties
are met if the labour force series is used instead of
employment, since the former also presents cycli-
cal fluctuations.
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(1) Hodrick and Prescott (1980) (original reference). See also King
and Rebelo (1993). Given a value to smoothing parameter l, the
estimated trend (y t
*) of series y t (in logarithms) obtained
through the HP filter corresponds to the solution of the follow-
ing minimisation problem:
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(2) See for instance Stadler (1994) for an overview.
(3) Hodrick and Prescott (1980) suggest that the smoothing pa-
rameter should be chosen as to translate approximately the ra-
tio between the variance of the cyclical component and the
variance of the growth rate of trend GDP. The sensitivity anal-
ysis they promote intends to quiet users of the filter, since the
main descriptive statistics (the standard deviation and
autocorrelation coefficients) and the impulse response function
of the cyclical component remain virtually unchanged in the
presence of different smoothing parameters. However, this
does not mean that individual estimates for each period in the
sample — specially those at its end — do not suffer some
changes with changes in parameter l.
(4) This is the so-called Nelson-Kang critique (on this issue, see for
instance Cogley and Nason (1995)).In the next Section, a mixed methodology for
calculating the output gap is presented, as an al-
ternative to the two pure approaches. This alterna-
tive builds upon the specification of a Cobb-
Douglas production function, but substitutes the
prior estimation of natural employment by an as-
sumption about the behaviour of the capital-
labour ratio. The proposed formulation leads to
output gap estimates that do not differ widely
from those obtained through the HP filter, but re-
veal some interesting particularities.
3. ASSUMPTIONS OF THE PROPOSED
APPROACH
“Potential” or “natural” output is defined as
the output level, which in a given period, corre-
sponds to a normal intensity of utilisation of the
primary production factors available in the econ-
omy. Assume that potential output is generated
according to a Cobb-Douglas production function
of two primary production factors, capital and la-





















where p and a are unknown constants, Yt
*stands
for the (real) potential output in period t, Kt
*is the
(real) fixed capital stock at the beginning of period
t and Lt
* is the “natural” employment level in pe-
riod t, with Kt
* and Lt
* measured in efficiency units.
None of these variables is directly observed.
At each moment, the comparison between the
observed output level and potential output deter-




whereYt is the observed level of output in period t
and gt is the output gap in logarithms (to neutral-
ise scale effects and to facilitate algebraic rearrang-
ing). For instance, positive values for gt indicate
that the economy is “overheating”, i.e. functioning
above the natural output level. The values of the
output gap () gt T t = 1,..., are assumed to be gener-
ated according to a zero-mean stationary stochas-
tic process of type ARMA(p, q) with gaussian inno-
vations, p and q being determined as to maximise
the empirical fitness of the model. Usually gt
would be expected to be strongly auto-correlated,
to generate the typical cyclical fluctuations associ-
ated to the output gap estimates.
To overcome the non-direct observation of the
fixed capital stock measured in units of efficiency,
we assume the following accumulation equation:
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where d stands for the rate of depreciation of capi-
tal and It is the (real) flow of Gross Fixed Capital
Formation (GFCF) observed during period t. The
productive efficiency of investment is assumed to
rise in time at a constant rate l; thus the produc-
tive capacity does not depend exclusively on the
amount of fixed capital available, but depends also
on the average age of capital.
In addition, we admit that the capital-labour ra-




















Bearing in mind that Lt
* is the natural employ-
ment level measured in terms of efficiency, and
that the capital stock is referred to the beginning of
period t, the expression above assumes a pro-
cyclical behaviour of the capital-labour ratio in ad-
dition to an eventual “stochastic trend”. Note that
if gt were white noise (which it is not, since it is
auto-correlated), equation (5) would imply that
the logarithm of the capital-labour ratio would fol-
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where “ln” denotes natural logarithm.
Equation (5) completes the model and func-
tions as an equation of definition of Lt
*, and is nec-
essary to the model since no reasonable proxy
exists for this variable. As stressed in Section 2, the
definition ofLt
* from the directly observed employ-
ment level (for instance, making LL e tt
t * =
g with Lt
being the observed employment) is not a coherent
alternative, since observed employment does not
reflect the natural employment level in the econ-
omy. Moreover, the assumption — made by most
Banco de Portugal / Economic bulletin / December 1998 59
Articlestraditional approaches based on the estimation of
a production function — that labour efficiency ex-
hibits a deterministic exponential growth in time,
independently of the investment effort in the econ-
omy (and specially the changes in time of that ef-
fort) is too strong.
Despite the improved flexibility when com-
pared with the conventional formulation based on
the production function, assumption (5) is clearly
the less orthodox of all assumptions made. In fact,
it implies a conceptual rupture with the utilisation
of information from the labour market. In the Por-
tuguese case this represents an advantage of the
proposed approach, from the point of view of la-
bour market data availability and quality, since
employment and unemployment time series prior
to 1974 are not reliable. Even in the period follow-
ing to 1974, intertemporal consistency problems
would still be present, due to several series breaks
existing in 1983, 1992 and 1998.
One could reason that model (1) to (5) is bound
to deliver output gap estimates inconsistent with
the observed behaviour of labour market indica-
tors, since it does not incorporate directly employ-
ment or unemployment statistical data. However,
if this were the case, within reasonable limits, re-
sults could possibly simply indicate a change in
the natural unemployment rate, instead of sug-
gesting the weakness of the model or of the series
used. Compared with some traditional approaches
through the estimation of a production function,
that use previously smoothed employment series
assuming a constant NAIRU, the flexibility im-
plicit in assumption (5) seems to be preferable.
4. ESTIMATION
The assumptions described above yield the fol-
lowing reduced form:
Dyg tt ++ - - qq 0 11 (6A)
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where A(L) and B(L) are polinomials on the lag op-
erator L (of order p and q, respectively),
nid .. . (, ) 0
2 s means “independent and identically
distributed following a normal law (and with zero
mean and variances
2)”,
DyY Y L Y tt t t =- = - - ln( ) ln( ) ( )ln( ), 1 1
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qa ) m q d 11 2 11 1 =+ - = - - ( , ln( )and ql 3 = (5).
Having a sample of observations for Gross Do-
mestic Product (GDP) and GFCF (both in real
terms), fixing the values of p and q and assuming
values of gt for the beginning of the sample period,
the parameters of reduced form (6A) - (6B) can be
estimated through the maximum likelihood
method(6). This procedure also gives us the esti-
mated series for the output gap.
Our sample encompasses annual data covering
the period 1953-1998, drawn from the Historical Se-
ries for the Portuguese Economy (1997, Banco de Por-
tugal), in its revised version, extended to the pe-
riod 1953-1995(7). These series were then extended
to 1998 using estimates released by the Banco de
Portugal in its 1997 Annual Report and in this De-
cember 1998 Economic Bulletin(8).
The choice of the Historical Series for this exer-
cise is explained by the fact that these series better
ensure intertemporal consistency in measuring
output and investment. The alternative, based
upon the construction of series by “linking” (with
change rates) the several segments available for
the official national accounts since 1977 in differ-
ent bases, is not sustainable. Any analysis, regard-
less of how superficial it may be, concludes that
such segments are incompatible — e.g., just by
comparing overlaps. Furthermore, there is strong
evidence that the official accounts from 1977 up to
the early 1990’s underestimate the output growth
rates, which affects the estimates for potential out-
put, implying the overestimation of the output
gap in recent years.
60 Banco de Portugal /Economic bulletin / December 1998
Articles
(5) Note that not all parameters in the structural form are specified
(apm m ,,01 e remain unidentified); thus the set of assumptions
in Section 2 is not the only set compatible with the reduced
form presented.
(6) Other methods applicable in this context are the non-linear
least squares method or the generalised method of moments.
(7) The original historical series disclosed in 1997 ran up to 1993.
The Banco de Portugal shall release shortly a reviewed and ex-
tended version of these. Meanwhile, the new version is cur-
rently available by request to the Statistics Department or the
Economic Research Department.
(8) See “The Portuguese Economy in 1998" in this issue.Likelihood was maximised using the algorithm
proposed by Berndt, Hall, Hall and Hausman, as
available in econometric package RATS. Several
values for p and q were tested. We concluded that
the most parsimonious model that fits well the
data is that with p=2 and q=0 i.e., with gt generated
according to a second order autoregressive pro-
cess (AR(2)).
As referred above, the dynamic character of the
model and the fact that the output gap is not ob-
served directly imply that the values for gt in the
first years of the sample must be previously pro-
vided to the application of the maximum likeli-
hood algorithm. For p = 2 and q = 0, the algorithm
was given the first two years of the output gap
(1953 and 1954). Estimates proved sensitive to dis-
tinct initial values for the output gap. In this con-
text, a careful research must be carried out to en-
sure the quality of results. The natural criterion of
choice of the initial levels for the output gap corre-
sponded to the maximisation of the likelihood
function, searching in an array of admissible
values. Maximum likelihood is reached when
0.005 and 0.015 are used in 1953 and 1954, respec-
tively.
5. RESULTS FOR THE SAMPLE 1953-1998
Table 1 exhibits the estimated parameters of the
reduced form and some statistics associated to
these for the estimation period 1955-1998. Parame-
ter qd 2 1 ( ln( )) =- - was clearly non-significant in
the model estimation. Therefore, equation (3),
which represents the dynamics of the stock capital
in units of efficiency resumes to:
KK I ttt
*** -= -- 11 (3’).
Note that equation (4) implicitly introduces in
equation (3’) a depreciation mechanism, by mak-
ing productive efficiency of capital dependent on
the average age of the capital stock.
Chart 1 compares the output gap estimates ob-
tained from applying the HP filter to the 1953-1998
sample (with smoothing parameter 100) with the
estimates yielded by the proposed method.
Globally, both sets of estimates do not differ sub-
stantially from each other, despite some local dif-
ferences. In the last six years of the sample, for in-
stance, the output gap estimated through the HP
filter is more negative than that estimated through
the proposed method, which takes into account
the limitating effect of the increase in productive
capacity resulting from the fall in GFCF in 1993,
followed by a stagnation of this variable in 1994.
In addition, the HP estimates for output gap in
1997 and 1998 evidence the quick “closing” (of a
minimum of -2.1% in 1995 to -0.8 and + 0.1%, re-
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Descriptive statistics of the estimated innovations ût
(9)
- average
(10): 0.00192 (p-value of the hypothesis
mean = 0: 0.51)
- assymmetry
(11): -0.41854 (p-value of the hypothesis
assym.= 0: 0.27)
- “Kurtosis”
(12) -0.62894 (p-value of the hyphotesis
Kurtosis= 0: 0.43)
- 1sr order autocorr.: -0.10626 (standard deviation = 0.14586)

























N=44 is the number of observations in the sample. The following
P - values correspond to asymptotically valid tests if the series
were directly observed, so these are taken as a proxy (see for






















+- -spectively in 1997 and 1998), while the proposed
method suggests the output gap rose from a mini-
mum of -1.1% in 1995 to -0.3% and -0.2% in 1997
and 1998. The recent high growth rates of invest-
ment and their expansionary effect on productive
capacity — taken into account by the proposed
method and ignored by the HP filter — explain
this difference between estimates.
6. EXTENSION OF THE SAMPLE TO 1999
Since estimates differ for the end of the sample
period, one may question what would be the be-
haviour of the output gap if the sample were ex-
tended to include 1999. This was carried out using
the European Commission Autumn 1998 forecasts,
which indicate a real output growth for Portugal
of 3.4% in 1999. Two alternative scenarios are con-
sidered to assess the sensitivity of results to differ-
ent output growth hypothesis: a less favourable
scenery, where output grows 2.9% in 1999, and a
more optimistic one, where output grows 3.9% in
1999 (virtually the same as that estimated for 1998,
4%).
Extended the three samples, the output gap es-
timates given by the proposed bivariate method
and by the HP filter with a smoothing parameter
of 100 were re-calculated. Estimates are shown in
charts 2, 3 and 4. The first conclusion to be drawn,
which is specific of output gap estimation meth-
ods, is that the addition of a new observation to
the sample (1999 in this case) may change signifi-
cantly estimates for the closest years in the sample.
In the more optimistic scenario, according to
the proposed method, the strong dynamism of
GFCF since 1996, with growth rates more than
twice (or thrice, in 1997) of output, renders a neu-
tral position of the economy from 1997 to 1999,
with output gaps of 0.0% + 0.2% and 0.0% in 1997,
1998 and 1999, respectively (chart 4). This happens
despite real output growing about 4% in these
three years, according to this scenario. Note that
the HP filter estimates give a quick “closing” of
the output gap in 1997 and 1998, followed by a
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HP(lambda=100)positive value in 1999 (-1.0%, -0.2% and +0.6% re-
spectively). Since the HP filter results do not take
into account the investment effort of the economy,
they indicate a potential output annual growth
around only 3.2% per cent in these years, com-
pared with almost 4.0% per cent in the proposed
method.
In the central and pessimistic scenarios for
1999, output gap estimates for 1997 and 1998 are
substantially revised when the proposed bivariate
method is extended to include 1999. Before this ex-
tension, as referred in the previous Section, esti-
mates were -0.3% for 1997 and -0.2% for 1998.
With 1999 in the sample, the central scenario gives
+0.2% and +0.6% and +0.1% respectively for 1997,
1998 and 1999, compared with +0.5%, +0.9% and
+0.1 in the pessimistic scenario (charts 2 and 3).
These revisions take place because activity slow-
down in 1999, implicit in both scenarios, consti-
tutes a “surprise” to the AR (2) process generating
the output gap values, implying slight adjust-
ments to the parameters estimated with the sam-
ple up to 1998.
Curiously, the 1997 and 1998 estimates of the
output gap rendered by the HP filter according to
the central and pessimistic scenarios for 1999 re-
mained virtually unchanged from those reported
in the previous Section: with the central scenario
we obtained -0.8%, 0.0% and +0.2% for 1997, 1998
and 1999 respectively, while the corresponding
figures are -0.7%, +0.1% and -0.1% according to
the pessimistic one.
Therefore, independently of the calculation
method, if the slowdown expected in the central
and unfavourable scenarios takes place, no over-
heating can be expected for the Portuguese econ-
omy in 1999.
7. CONCLUSION
This article presents a mixed methodology for
the calculation of the output gap, based on the
specification of a Cobb-Douglas production func-
tion, in alternative to the HP filter or to the con-
ventional estimation of a production function. It
substitutes the prior estimation of natural employ-
ment by an assumption about the behaviour of the
capital-labour ratio. Taking into account the be-
haviour of both output and GFCF, the proposed
formulation presents an important conceptual ad-
vantage in relation to the HP filter. The latter does
not take into account that potential output is deter-
mined by the productive capacity installed in the
economy, which basically depends on the past in-
vestment effort of the economy.
Despite the conceptual advantages over the HP
filter, the proposed method is not exempt of draw-
backs — namely some sensitivity of estimates to
the output gap values assumed for the first years
in the sample. Moreover, it is also somewhat sensi-
tive to changes in data at the end of the sample.
Therefore, the available results do not allow for a
precise conclusion on the current level and sign of
the output gap in the Portuguese economy. Never-
theless, it seems fairly safe to conclude that the
output gap was virtually null in 1997 and 1998, to
which corresponds a neutral cyclical position of
the Portuguese economy. Furthermore, given the
deceleration of external demand and the available
forecasts pointing to some slowdown of the Portu-
guese GDP in 1999, the risks of a significantly pos-
itive output gap in a near future are much un-
likely.
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